Abstract. The aim of the present study was to evaluate the serum levels of interleukin-6 (IL-6), CXC chemokine ligand-10
Introduction
Graves' disease (GD) is an organ-specific autoimmune thyroid disease. The development of GD is influenced by various genetic and environmental factors and the interactions between them (1). GD pathogenesis is generally characterized by abnormalities in T-cell subsets (2, 3) , innate immune cells (4) , and various cytokines, which ultimately decreases immune tolerance and excessively activates B cells, promoting the production of thyroid stimulating hormone (TSH) receptor antibody (TRAb). The biased activation of helper T (Th) cells has an important role in GD development (5, 6 ) and the imbalance of Th1/Th2 cell immunity may result in a shift toward the Th2-type immune response (7) .
At present, iodine-131 ( 131 I) therapy is the recommended treatment option for GD; however, prognosis estimation remains a critical issue (8) . It has been previously reported that the presence of thyroid autoantibodies in patients with GD prior to 131 I therapy is an independent predictor of the occurrence of hypothyroidism (9) . Furthermore, high titers of TRAb in patients with GD prior to 131 I therapy are associated with treatment failure, whereas elevated TRAb following 131 I therapy predicts the occurrence of hypothyroidism (10) . However, previous studies have indicated that the incidence of hypothyroidism following 131 I therapy is not affected by the changes in thyroid autoantibody levels prior to treatment (11, 12) . Therefore, the association between the level of thyroid autoantibodies and the prognosis of GD following 131 I therapy remains controversial. Previous studies on GD have predominantly focused on the abnormalities of immune cells and cytokines. Particularly, as markers of immune responses, cytokines have been intensively investigated (13, 14) . However, few studies have been conducted to assess the cytokine levels in patients with GD following 131 I therapy (15, 16) . In the present study, 30 patients with GD who were currently receiving 131 I therapy were followed-up for 18 months. Serum cytokine levels were detected in these patients, including interleukin (IL)-6, CXC chemokine ligand (CXCL)-10 and intercellular adhesion molecule (ICAM)-1. Furthermore, the associations of these cytokine levels with the serum levels of free triiodothyronine (FT3), free thyroxine index (FT4) and thyroid-stimulating hormone (TSH) were also evaluated. Laboratory measurements. Fasting venous blood (10 µl) was collected into sodium citrate tubes from each control subject and patient with GD prior to 131 I therapy, after 1 week, and 1, 2, 3, 6, 12 and 18 months following treatment. Blood samples were centrifuged at 2,500 x g for 15 min. Serum was separated and stored at -80˚C prior to laboratory tests. Serum concentrations of FT3, FT4, TSH and thyroid peroxidase antibodies (TPOAb) were measured via chemiluminescence assay (Unicel Dxi800) and serum TRAb concentration was measured via radioreceptor assay using commercial kits (all Beckman Coulter, Inc., Brea, CA, USA), according to the manufacturer's protocols. Serum levels of IL-6, CXCL-10 and ICAM-1 were measured using ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA), according to the manufacturer's protocol.
Statistical analysis. Data were expressed as mean ± standard deviation. Statistical analysis was performed using the SPSS 19.0 software package (IBM SPSS, Armonk, NY, USA). The χ 2 test was used for count data, Student's t-test for differences between dependent variables, and one-way analysis of variance for in-group comparisons, with Student-Newman-Keuls and Fisher's least significant difference tests. Pearson's correlation was used for association analysis. P<0.05 was considered to indicate a statistically significant difference. Table I . No significant differences in gender and age were found between the patient group and control subjects (P>0.05). Serum levels of FT3, FT4, TSH, TPOAb and TRAb in the patient group prior to 131 I treatment were significantly higher than those in the control group (P<0.01). Serum levels of IL-6, CXCL-10 and ICAM-1 in the patient group prior to 131 I therapy were also significantly higher than those in the control group (P<0.01). These results demonstrated the significant immune/inflammatory responses in patients with GD prior to treatment.
Results

Demographic and clinical features of patients with GD prior to
Changes in serum levels of IL-6, CXCL-10, and ICAM-1 in patients with GD following
131 I therapy. Serum levels of IL-6, CXCL-10, and ICAM-1 were determined in the patient group at the indicated time points following 131 I therapy and compared with the before treatment level and corresponding control group. As presented in Fig. 1 , in the patient group, the serum IL-6 level increased rapidly following 131 I therapy, peaking at 1 week post-treatment (P<0.01) and subsequently declining. Serum levels of IL-6 in the patient group at 12 and 18 months following 131 I therapy were significantly lower than the before-treatment value (P<0.05), although they remained significantly higher than those in the control group (P<0.01). Furthermore, as presented in Fig. 2 , the serum level of CXCL-10 was also significantly elevated in the patient group at 1 week following 131 I therapy (P<0.01). In the subsequent six months, serum CXCL-10 levels in the patient group gradually declined, to a level comparable with the before-treatment value. At 12 and 18 months post-treatment, serum CXCL-10 levels had declined further and were significantly lower than the before-treatment value (P<0.05); however, they remained significantly higher than those in the control group (P<0.01). Conversely, the serum ICAM-1 level exhibited a less-marked increase in the patient group in the first week following 131 I therapy, which continuously increased over the next 12 months (P<0.05) and a relatively stable level was achieved thereafter (Fig. 3) . These results suggest that the inflammatory response is maintained in the patients with GD following 131 I therapy. The present results from the Pearson's correlation analysis demonstrated that serum levels of IL-6, CXCL-10, and ICAM-1 were not associated with FT3, FT4 and TSH in the patient group (Table II) . These results suggest that changes in the serum levels of IL-6, CXCL-10 and ICAM-1 in patients with GD following 131 I therapy may be associated with changes in immune/inflammatory responses, rather than alterations in thyroid function.
Discussion
GD is a common organ-specific autoimmune disease (1). Abnormalities in T-cell subsets (2) and other innate immune cells (4) , and the production of TRAb due to excessively activated B cells (18) , are important pathogenic events in GD. As one of the most commonly used treatments for GD, 131 I therapy is able to induce cellular apoptosis, which may induce the rupture of thyroid follicular cells and induce the release of cellular contents into the bloodstream. During this process, antibody production may be enhanced by antigens released by the rupture of thyroid follicular cells. Furthermore, the immune response and inflammatory reactions in the thyroid may be altered by the ionizing radiation.
Various cytokines have been determined to be associated with the pathology of GD, including ILs, tumor necrosis factor-α, interferon-γ and RANTES, which are markers for immune and inflammatory responses (13, 19, 20) . Despite intensive investigation, few cytokines have been confirmed to be altered in patients with GD following 131 I therapy (15, 16) . It has been demonstrated previously that IL-6 (21), CXCL-10 (22) and ICAM-1 (23) levels are significantly higher in patients with GD than in healthy subjects, which may be associated with immune/inflammatory responses in the thyroid. However, it has not yet been fully elucidated whether this occurs in patients with GD following 131 I therapy. IL-6, as a Th2 cytokine, predominantly regulates B-and T-lymphocyte functions (24) . In patients with GD, IL-6 is produced by infiltrating immune cells and thyrocytes (25) . Serum IL-6 levels in patients with GD have been reported to be significantly higher than those in healthy controls (21, 26) . However, the clinical significance of serum IL-6 levels remains controversial. Wahrenberg et al (21) have determined that the serum level of IL-6 indicates the tendency of inflammatory response. Furthermore, Heuer et al (26) claim that the elevated IL-6 concentration may reflect disease severity. In the present study, it was demonstrated that serum IL-6 levels in patients with GD were significantly higher than those in the control group. The serum IL-6 level increased and peaked rapidly following 131 I therapy, and subsequently returned to the before-treatment level within six months, prior to declining further by 18 months post-treatment. Pearson's correlation analysis demonstrated that changes in serum IL-6 levels in the patient group following 131 I therapy were not correlated with thyroid function, suggesting that the changes in serum IL-6 CXCL-10, also known as interferon-γ-inducible protein 10 (IP-10), is associated with the infiltration, localization and activation of lymphocytes in the thyroid (27) . In addition to endothelial and T cells, CXCL-10 is predominately secreted by the thyroid cells in inflammatory responses, which contributes to the pathogenesis of GD (22, 28) . The present results demonstrated that serum CXCL-10 levels in the patient group were significantly higher than those in the control group, which is in accordance with previous findings (22, 28 ). Furthermore, the serum level of CXCL-10 in the patient group rapidly increased following 131 I therapy and subsequently declined to the before-treatment level within six months, with a significantly lower level at 18 months post-treatment, while remaining significantly higher that of the control group. These results were consistent with those observed for the serum IL-6 levels. CXCL-10 and IL-6 mediate the Th1/Th2 responses; therefore, these findings suggest that 131 I therapy for GD may significantly enhance cellular and humoral immune/inflammatory responses.
ICAM-1, which is a member of the adhesion molecule immunoglobulin superfamily, has an important role in lymphocyte adhesion, T-cell activation and the antigen-presenting process, which indicates non-specific inflammation (29) . In accordance with a previous study (23) , the present results demonstrated that the serum ICAM-1 level in the patient group was significantly higher than that of the control group. Serum ICAM-1 levels have been observed to be altered by treatment with anti-thyroid drugs (30) , suggesting that the inflammatory responses in patients with GD may be alleviated by these drugs. Furthermore, the present results demonstrated that the serum levels of ICAM-1 in patients with GD were gradually increased during the 18 months following 131 I therapy, suggesting inflammatory activity. This phenomenon is markedly different from the changes observed in the serum levels of IL-6 and CXCL-10. As ICAM-1 is a marker for the activities of endothelial cells and fibroblasts (31) , the continuously elevated ICAM-1 level following 131 I therapy may be associated with the involvement of endothelial cells and fibroblasts in the repair of the thyroid.
In conclusion, the present results demonstrated that serum levels of IL-6, CXCL-10 and ICAM-1 were significantly elevated in patients with GD prior to treatment, and that 131 I therapy was able to alter the serum cytokine levels in these patients. However, the changes in serum levels of IL-6, CXCL-10 and ICAM-1 were not associated with thyroid function. Furthermore, no data regarding the thyroid autoantibodies prior to and following the 131 I therapy in these patients was obtained in the present study, and the relationship between thyroid autoantibody changes and cytokine alterations cannot be evaluated. Therefore, these findings suggest that these cytokines cannot be used as prognostic markers for the 131 I therapy of GD. 
